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(54) MOTOR-CONTROL UNIT 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a motor-control unit that 
conducts a motor-temperature monitor control without use of a 
sensor for monitoring the temperature, solving a problem that a 
downsizing of the motor is hindered due to the necessity of 
mounting the sensor that conducts a monitor control for a magnet 
temperature or a winding temperature in a control system that 
controls a synchronous motor. 

SOLUTION: The control unit, which controls a power converter that 
applies a voltage to an AC motor and also controls the applied 
voftage by means of a PWM signal that synchronizes with a carrier 
wave, is characterized by consisting of a current-detection means 
that detects a current of the AC motor synchronizing with the 
carrier wave for generating the PWM signal of the control unit a 
back-electromotive force-operation means 51 that calculates a 
back electromotive force by calculating a current-differential vector 
of every half cycle and a temperature-estimation means that 
estimates the magnet temperature and the winding temperature 
based on the relation of the back electromotive force and the 
magnet temperature. 
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* * *>a!fi«a z m&mt) 

i-5«A£J*»k, PWMfi^ldJ: 5«HBai*D«JESrftO 
»1- 5 «»»■«:« *.^-^W»»*«-*5V^X; MSB 
<o«SR2eftft* J Bf SEW 0 t * S <fc 9 I^IE 

ffifi«*K»*»k, mEiBMrt^felttE^-^oK 

[If #guj HHEI»*«2fl!>B«ci3V^X, 
SSrKltfc - t *:«« fc i-5 

[0 0 0 1 ] 
[0 0 0 2] 

9- 2 3 3 8 4 5»^»i:W:, BUB*— 

{3:S k —ft LfcleieffiSSrlf o d - q ttE]effia*^± 
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-? 

[0 0 0 3] 

<5««tt<offi;T. Stlcilla^ hMtdftSftifoiaH^ 
[0 0 0 4] ;£$§^<7>gtf}!i, £l±<Dffimfclzm*. * 

-^a§E*rRai-5a§c*^*«>as*ftU"c^ 

[0 0 0 5] 

tttCRIJUl Lfc P WM (Pul se Wi dth Modu 

i a t i on) m*\z£vffinwmmi£&mwi-zffl® 
atrE^-^^MwasBtt, 

[0006] ^fc. wiaasaB*— ^omatscfb***»f* 

^ KIB0fcft5J:5lc*JEfelMWi-5««*<b«»« 

^ & iSE^e - ^ mx k mm t^m & ftfe-t z> 
WExa^-^^waftatfB^ffl^fs^s^v^-cxa* 

-^O0C^«t«*i-68ffltt««m*a«r»ltfc 
[0 0 0 7] ^fc, gtlE^a^-^COiS^'S^^tbfe^ 
50 ^(^»^-CtT5^9»x.^a$:RitfcZi:^«^ 



3 

[0 0 0 8] 

m&nJi&mm isX*-*\c&m^x\<^m*WLm. * 

I o o o 9 ] ✓< ^ y 2 ©E«c«mi±, -r >v<— * ( i 
nv) 3\z±r>E.n<D&ffim&\z&»2fr, mm*-* 

(SYM) llw^D-r^o COSJ*PSffiH=V hn — 7 
(CTR) 4\zXVs &<z>.fc 5 4»lH»9aP*s*5Cft*>ix 

^ h t r km L"C» d mmm^m idr, 

q$6m^m^ii i q r ^^-r^o dm*mm 

iiLW: («*) ©2rfr, qW±m*»fcd(W£ieSrt-3# 
r*]$r^LT*s9» d-q U ^*v€ix© 

ov^TEIl© (B) tw^UfCo 
[0 0 10] W\n*—* 1 lc*5V>T, [rID^—^jSSco 

idr, i q r <Dm&*&Z-Z> Z h&X% Zfr, 

T^-*«*#*fc*ftV>*jBft idr, iqr 
-T5J:9l-b-CV>S 0 ft*3^— ^itgcottx i£gt&aSB 

tsot?, »jhaia» (o-^tiiia*) 36»e>oKffio 

[0 0 11] ;is>i£, dtt«SEfc qtt«8RottSr»* 
>vt Soffit t r £ -a L*: h/u* ^ t 

[0 0 12] 5 u, 5v, SwA^bttm 

$n^uffl«iR i u, vfemst i v, wfflta i wnmss 

^ftSC 1 0 |C*JV^-C P WM«*H8£» 9 0«jSJ6om« 

imai Lfc*flEna^^ p d (7>^ >r ^ >^i- «t 5 «m 

Six, ffiffiSeiAffil l td-qtt*B*G>d*Ml8S id. 
qtt«atiq^KJftSJx5 (««i-5B5#BR) . -© 

nmmxn, m90kmui o-etaai-smstttuw. v 
fg, wt§oi--<ro^m^t i u, i v, iwcfcaft w 
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ffittSKiwIliu. i vi>b*ft5wi:^Tf SOt, W 
fSttSfc iwW»ttJSr«»-rs*&tfcS 0 7 
"Ctt, dttWaJS^Uti d r i dtt«8E i dOdWi«a 
4B2£ cfc q HSSJB <p it iqrtq ttttSE i q© q $6 

WE»*«V d s , q NttEEJft^ttV Q s «r»Ta*"t- 

s 0 ft*. m&mt>*ffifci-ztzft<Dmffljjmt it, 

[0 0 13] dUtES^Vds, q*MIEE»<fr«V 

±v»±mm%k<oE.nn&fi&®iVu r , v vr . vw 

r«rS3H-*. <B = fBHEEJB^iTW: P WMft ^ 

^«9»CA*S*XS. PWM«*5S*»9iC*5JtSflt* 
lllj; D, =«©PWM/<^lt#P u p. Pvp, Pw 
p, Pun, Pvn, Pwnt^^-^SICfflAt 
5o wJxKJ:'). BJ«*— ^SYM1*cgilDi-S«EE36* 
ifc* (M») Six*. HI co (A) OMJP^Dy^Htt 

ts e K«RC«iff 8 , ii, its^ab^ i 3 ft if tea 

£>£4x, ^MW^spJfflSixTV^S. Hi© (A) U: 
*5V^T, i»fi«*»a»5 1, tUHKSff 5 2*-*1-£ 

[0014] ie^m^^a^ 5 1 -era. i 

u, i v, iw, KVatSffiH0^&ttfi«A0!>d«t, q 
HSdVd e, V-q e'SrJfai"-5.wixfe©ffl[»4«aE*] 

lit, **ft**ftifomHE«l»P»tt*rak»+5wl: 
^IcftS cot. tt*^5>l£<fft>ttrv^*ffi 

jB«*oia««^J: 0 -© 
H«S«ltt^ixe><oRIHSr<»8tU 

[0 0 15] S&lcflBIO (A) fc*1-*»W0>3MM» 
jcov^H2-BI5*fflv^T»j»^BlW1-5. EI 2 Jim 

fgdf£»a^</u^ P d \z <fc 9 , mdlt^J^^ co^«i/^«i Sr 
50 #3 9&;tT^£ 0 lgl2^cioV^r, d$Am^^J^t^^^3 



2, qttmaEffi»9i£n3 lttdtt, qffit^li d 
r , i q r Id** IT, -tiveitdW. qW^St id, i q 

lifflWRWtftTfrih,*. d$jj, qti^3 4, 3 3-C 
11. «8tt*ffl^/^P dl-HXSLrdtt, qtt«8RN»gt 
IFffi3 2, 3 lG>RJMMMrBA1-5*\ 0$rfcb^i-5 
P WMf 9 LT, 

[0016] *f«e>fcli. El 5 (w^-T «t 9 i-^J t ( 2 
n) a»6>B*«lt (2n + l) *-eoKWIlliai*SrOJC 
U B*«|t (2n+l) t (2n + 2) ^t^EK 

9, aaWW»i bT%*fc»fr. f^StUli, 1 

5 0 dtt, q IM»E»«itV d s , Vq sli, d $6, q 
«£>gj&ffl! 3 4, 3 3 Offl* (VdsO, VqsO, (§1 
1#BB) »wiS^m^i^£t3^5 lT-^^$^fcdtt, q$6 
COie^m^lVde, Vq eC0ffl^-tiX-en*DSCS3 4 
d, 3 3 qtDDgfS w t-e#rv>5 (I9 2»RR) o 
[0 0 171 ftl:, H3 0iBfi«*ttBffl5 1 Oftflsfc 
ovn-C, E5£r^TI&^-r£o B5f4PWM««8t 

3 5, 0«mKf^ttHltt3 6. 1I^S3 7, dN 
■>»B«*R*tt3 8, q«tjBB«ARffff3 9d»&flia 

$H5o a««as»«ai»3 5, fltt«sEii»*ttJ» 

3 6ttHffia>ffittSK i u, i v. i w, ?rA^ L, (21 5 
|C*L*:»Mit (2n) ^&*Nt (2n+D ^"C^ 
t«*»^ h^Aia (2n) £r&B1-5*: <£> 
■C, «aSt»^<^ h^A i a (2n) a$*J&# 
Aiaa (2 n) , A i a£ (2 n) «r-tft-e*bO«j6Sg 
»*a«3 5, 3 6T*^ffli-5o KlCCfrbOfflLM^ 

D d-qtt0IBffi«*lc0MjlU ^ h^A ia 

(2 n) Odidt^A i a d (2 n) , qttA^A i a 
q (2 n) £gtfi1-5o Aiad(2n),Aiaq 

(2 n ) wt*>< *-et»jhffia*±-c*^«a£S»^^ 

h^Aia (2n) £>d$fc, q$&J&#"C£>5o 
[0 0 1 8] *«:, H5lC*Lfc**lt (2n) H« 
JBt (2n + l) ^"COERlJi, d$&, qNflaff3 
4, 3 3«)ttJAHOl:4otv^(Oi? (H2#RR) . d 

tt. ql625^m^Vde, Vqeflt^dil, q $&mJE 
»*lVds, Vq s^lt^fM^^il?). 

fc«>, Vd erisi^#HE~* l <o^todfaffifi«*J:9 
*#v^^, dtt«SKHjM£A i a dttjE0*£ft9. 
ffilCVd e^/h^V^-fr, A i a d tt*0«4: V 
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d 

m&mxm&u 3 s , qttis»e«AStff n 3 9 ic*^ 

T. A i a d. A i a q #***L<?JlO(Cft 5 «t 5 Iw. d 
$6, qliiS^m^lVde, Vq e<D»HE«:fT.5. i*L*> 
coSR^JwJ:!?, A i a d, A i a q d 5 V ^-fixtOi: ftft, 
tf, dtt, qfifil^Vde, V q e ^JMROBBB*- 
^1^ig^m^Ji:-&bfc^i:^^^i-5oC:^d^, q$fi 
ffifitAVde, Vqe$:tffi^lMCTR7^t 

;o &-e&>5o 

[0 0 191 i-**>*>, 05^>fAf^- hoig^m* 
Rff BoBflF^St * 5 lw, EP*H 1 tta?ie«*tfcBfW 
EW2»i*mu^i»fim*S:«8fcW»«*»3 2, 

*-^aa«it**b«««*tr»a*i*i-*fc. who 
afi«*toiB^iiTjft*«*ur«a«iiiP*©»tt«ris 

^Vde, Vq ed>ba&fctt£i-£attfBEff5 

2©«rtat^**wft«**tticov^, in 4 riot e 

2 5 3 , 8£i£*£7E^ 5 4, 6£7 • ^i&f&jg 

[0020] &*(oum¥ftenm e ? \z, m^e 

d Hta^ »5aaA5K<<csi^o^T«^i-s4ttt^ 
foio -tLTfesaaE^±^a^aK* s ±#i"'ii:«Bs 

[0 0 2 1 ] ^fc, ^ffl^fcSv>li511:^^i:^^ 
afeJ:r/#j»a«ioB§«<o--W*rig7lc^"t- Q EI^cd 

i 9 jc«^aft^«;^*i»aflEo**s«L»^±#i-s» 
oBB«^e>fe<&aa(c*t,*<^ ^oia«i#^s 
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:©i5l:06, E7 0B8ffd*e>, SBfi« 

[0 0 2 2] ^ixfeSrt 5'>L#L<IftW1-*. taa* 
*»S 2IC*SV^-C. 5 lTtftttJLfcd 

$6, q$4i£^m^Vde, Vqe^li^5 3CA 

laotH^^ffiiet^Vu e, Vve, Vvretmb 

Vu e = — co <f>sin 0 ( 1 ) 

Vv e=-o)^sin (0-27r/3) (2) 

Vwe=-a)(^sin (0 + 4*/3) (3) 

i s-e&ftLfc^—^jigci) fc (i) - o) areas 

-hoB§«d^*S1-5K** ^o^^- BUSIES: 
BH? • #Si&Kjf £85 5 5 IdA^J U B&^i&fi 

[0023] fcfc, rro?K^iaSS.^*j»t&fiJcov> 

-^«^f $ lr J; o t«ftt S C t i^, rixbo 
[0 0 2 4] B 6 oflHHUEtttt. 

[o o 2 5] B8ic5%i~J:5l£. ^fy^lOl, 10 
2-eiiE13Jc^i-yD y ^ 5 1 o*£t£r*5Cfcp. 

0 l-Ctt«flta!E»A i a a, A i a 5 SrifCS? (El 
3 0^d ^3 5, 3 6) t?)o ^fy^lO 2THiS 
S«*<0tfcaJWff (123^0^^ 3 7, 3 8, 3 9) 

»Vde, Vqe-efc5 0 £ £>&*tj Lfeafit**»& * 
f y y 1 0 3 T'M^fb A coH^SSl (H4<Bffi«Se 
&SB5 3, BHtft£tt 5 4 4>KJF) twJ:9**5 Q CO 
*7- 03 -cmS Ufca*A*SrSli. 
0 4fcj3V^-cat5««2:»ilfflL««r*fti-6fc»fc, * 
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8 

* • tMSI^5 5 0>«ka«:ISfTi-S. i-fc*>VF 
«>lB«UTv^5ia6, B 7 *5«a**5J:V 

v?\ 0 5 T?ttSI5«>fflLaE±#. *»Ofiff±#d5^«> 

$r^xTVN^^»i^xy^l o 6 fc^i"* 5tw^-*# 

[0 0 2 6] fc*3, K5«afi35*?>#»«aftS:«lffi1-S* 
S:fcWttJL-C*a;{bL-C*5< i4:ft2f»cJ:o-C, 

[0 0 2 7] K-h^JgM^jllfitRI-Cfc?), m^C-tr^-^ 

30 [0028] msitt&m&fo&mM&i&TFistz*--? 

nmx<o7Bv*m&WX1bZ* HliHsKtt, 

lc^it5«»M*p«7 0«»»*a3J:tf«K*«fe«ria l 
OC^ny^Bl^t, Ell oMWMfcra«Bire*>9 

w«a>Ri*«rfTo-o^. las^iai k»ft5*ttffi« 

l^Vde, Vqe^DSt^^crfc'lt-efc 1 ?, »K 
$r^B&i-5o i-fttefeH2-CttHDlf*3 3 q, 3 4 d lc 

teii[53ire£>5 0 w03Hfi«»j^*5«tsa»e« 

«»»>l»ffl»4 0-C, <R»B^Pd©^-f$>' 
^lC<t9 f ffifSOt (2n) ^fe^Sflt (2n+l) ^ "C 
<D&tt<OMffiMftU Aiu ( 2 n ) , Aiv (2n) , 
A i w (2 n) , $rg(Ut5o :iifcOttliB30A i 
aa (2 n) , Aia^ (2 n) k Rl Ctf ^$r^o T V * 
5c l29Oft0W^^Alr*5V^-Ct. «P«Jt (2n) 

fe^sit (2 n + 1) 3-x(omn&te<v&&mt>vu 

50 e, Vve» V w e 4: LT-f ^ 3 SrWJ 
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mi-ZtirttZW, ^fi^H^lA i u (2n) , 
A i v (2 n) , Aiw (2 n) tfiOhttZX. 5 fc, U 
*i, V*B, Wffli»fi«;frS»«4 1, 4 2 r 4 3 

gm^^ra$4, aW^m«tH^A i a a. A i a 0*»t> 
*ft50"C»4<, A i u. A i A i vrfrt>J&#>Z 
#ifc-C*><5. l^ot«»»4K 4 2, 4 3^>aii^ 

«*SriR«[«IHwJ: 5#5^i:mSo Ell 1<D4 0 
[0 0 2 9] CIO* 5 «-««S6»«*»feSEfi«*Sr** 

t?^5o U*B. Vfi, WffijBjBtfcfiWJtSM 1. 

4 2, 4 3^»fc*bfci!!fitt*Vu e. Vve, Vw e 

2^1% 121 1 2lC*5V>T. B4 tO^VMiM^^^ 

5 3*Sfcl^£fc-tt-e*>0. -HE (1) - (3) stlCi 

LfcE)4 £f^C<, El 8 p o TfT 9 

[0 0 3 0] EI 1 3 HaffiffiK-feVf-^rfflV^V^-C. ft 

S:fT5aaffi»*ttJ»l 2^n^f«01 S\z 
^1% EJ9^^Jc0^^m^^£iJ^5 6 (Sll) 
Ell 3HlfiWlC*5Jt5«ffifit»«a»l 2 (Ell 5) O 
3V>f± f «ffi{fcB«JE»4 4&#LTV**::£^fc5. 

«at*ffl^/^^ p a s >^^«t f?msc 

S6»tttl3«4 0-C=«#«O«»«iHt. A i u , A i 
v, A i w£r|£tt4 L, Uffl, Vffi. Wft(omBm?]fe9- 

•4i, 42, 4 3-cK^$:fT9o ie^m^^eittj-r^ 

■WPRJIttH 9 *JS«OB 1 1 (^^5 6) 
c-cfcS. ufi. vt§, w^iEgf^ig9tP4 

1, 4 2, 4 3T#^>^iS?Sm^Vu e, Vve, V 
w e J&»fci8jBtt*Offi*l B q (qttO*#ffl) ^^^1"^ 
^JuSrfr^ny^Ell 5«fiS 
«I5£«S4 4 Tfca. ^^l^Vue, Vve, Vw 

[0 0 3 1 ] CO«t5tC, E3 1 3(Ov-^7^AH|fiX^tf *_ 



(6) ^2 0 0 2- 1 0 6 7 7 

01 3^V^f^Sr«SUt^ I^Jfl^— * i <o 

5*fe^SSfflUTt>i:V\ Ell 3lc*5«t5fflLK«l3£«B5 

[0 0 3 2 ] Bl 6I^H1 3*JB«Hw*5J't5«!:S7o — 
fc^1% El 1 6 1^1" J: ^fy^lOltlSi 
70 #A i u, A i v N A i w^^mi"5o 0 2 

-ea?fi«**WiR* (Hl5^o*^4U 4 2. 4 

i o 3 -e«* 4> <om-&^ t -rtzti-hm 1 2 <ommx. 
us 4<7>si^$rt75o :^fyyi0 3tiSUci 

aSr«l«1-5»5-«lft?afl[*t«tt5 5 (Ell 2<D?u 

^^5 5) ojaasrHtT-rs, ^f^i 0 5t-*5v>r 

— Hi 3lll6«tt«Sffi«*^S:*UTV^4v^^ 

^10 7t*5V^«fittie©»*. -j-ft*>t>H 1 5 IS 
^LfcafflMt«*K»4 4 ofltWtm 

[0 0 3 3] H 9 *K«JC*SV^-CttiBfi«**U« 5 5 
X% Bl 3*««lC*3V^Ttt8fflittll*aj»-eaBfi«* 
50 Vue, Vve, Vw e ^ttiUV^,, CftfeOXlfi 

W^^Tte, 7 -eww bfe d , qtt±cofH 

Mvds, vq s srffiaK»ffl8-e»jhffia»icac» 

LfdVus, Vvs, Vws, twj&DSPLtPWMfg^ 

[0034] w<^ffi5P. w w<— ^ 3tcJ: uHfflo^aEfi; 

■»»±W»ll*P»'C«»-#'6tM»*Vd s, Vqs 
X, E3 9. Ell 3jll6«Hc^i-J:5lc:«iffiLfciSfi«* 

[0035] 3t*6«-e*)O f m^ft-fe 

v if fci t $r ffl v > T IB] SI - ^ ^ mm & S 5r « ttS i" 5 « * t 



-6- 



(7) 

11 

t I^^S&J^fi <b ft 5 - k ttW ? £ "C « V % 
[0 0 3 6] 

k J: 0 *lci«ttffiromaEW»ttSr*5 r 5 C k #-c» 

So 

^**M«:»fflUfck#o— jt*ffil«r^i". RIBB (A) 
H^ffO^n y^fftffl^ HB (B) ttd-qtt, a- 

M9P t ^n^mji^^fe^^ Lfcw^fwaiT' o y * no t 
[B3] bo i <Dmmmti&iti&x-nt>frz>&&9.fi<r>t& 

Ufc«M»^o y^HtffcS. 
[gj 4 ] EI 1 £>?&gt§J6g&5 2T-tT^tU^^—^tajS^ 

[19 5] (a) - (e) ttJ*tt«©Blf1pfcl&W1"<5fc«> 

o«as«, «sH*aflr*. mhmpib*. a!fi«*«a 

[El 7] «^ffl«t#»«^koBa«o— «€:^i"ia"C 
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5o 

-[El 9] *»«©ttoW16««r^i-«fltEBT?fc5. 
[010] |2I9comatS^J^®^CTRtC^oV^■C^T^bi^^m 

»»iS*ftlrvlfcllBiP^ny * E!-Cfc5o 

lEii 2] si 9 o«aft*t*» 5 2-cff*>ixs j &— ^aa 
[eii 3] awtt«-fe>*ftu-c. d^s5SS(-as®« 

[El l 4 ] El 1 3 olMitU 7 l£*5V*TfffrJx5ttSS 
5 e 

[Ell 5] Ell 3attttflUH*tHff l 2 -Cff te*vSSEjB 

[Ell 6] Ell 3WS«©«a7o — fc^-J-HtffcS. 
[«*©»«] 

1— [^#^-^> 2— /<yfy, 3— 4 — 
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